Binding of salicylhydroxamic acid and several aromatic donor molecules to Arthromyces ramosus peroxidase, investigated by X-ray crystallography, optical difference spectroscopy, NMR relaxation, molecular dynamics, and kinetics.
The X-ray crystal structure of the complex of salicylhydroxamic acid (SHA) with Arthromyces ramosus peroxidase (ARP) has been determined at 1.9 A resolution. The position of SHA in the active site of ARP is similar to that of the complex of benzhydroxamic acid (BHA) with ARP [Itakura, H., et al. (1997) FEBS Lett. 412, 107-110]. The aromatic ring of SHA binds to a hydrophobic region at the opening of the distal pocket, and the hydroxamic acid moiety forms hydrogen bonds with the His56, Arg52, and Pro154 residues but is not asscoiated with the heme iron. X-ray analyses of ARP-resorcinol and ARP-p-cresol complexes failed to identify the aromatic donor molecules, most likely due to the very low affinities of these aromatic donors for ARP. Therefore, we examined the locations of these and other aromatic donors on ARP by the molecular dynamics method and found that the benzene rings are trapped similarly by hydrophobic interactions with the Ala92, Pro156, Leu192, and Phe230 residues at the entrance of the heme pocket, but the dihedral angles between the benzene rings and the heme plane vary from donor to donor. The distances between the heme iron and protons of SHA and resorcinol are similar to those obtained by NMR relaxation. Although SHA and BHA are usually considered potent inhibitors for peroxidase, they were found to reduce compound I and compound II of ARP and horseradish peroxidase C in the same manner as p-cresol and resorcinol. The aforementioned spatial relationships of these aromatic donors to the heme iron in ARP are discussed with respect to the quantum chemical mechanism of electron transfer in peroxidase reactions.